Introduction: Analysis of several biological markers improves the quality and physiologic comprehension of data obtained in epidemiological nutritional studies. Aim: To develop a methodology that guarantees the centralized analysis and quality assurance of the most relevant blood parameters from fresh blood samples in adolescents in a European multicenter study. Materials and methods: Stability of selected nutrients and biomarkers (vitamins, fatty acids, iron metabolism and immunological parameters) chosen with respect to time and temperature of sample transport and storage was evaluated as part of the pilot study of the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) project. Results: Routine biochemistry and iron status parameters included in the HELENA Cross-Sectional Study (CSS) protocol could be analyzed within 24 h from fresh blood samples without any stability problems (coefficient of variation (CV)o5%, Po0.05). However, stability tests for lymphocyte subpopulations, vitamin C and fatty acids showed that they are very unstable at room temperature without any treatment. Therefore, a special handling for these samples was developed. Vitamin C was stabilized with metaphosphoric acid and transported under cooled conditions (CV 4.4%, recovery rate 493%, P40.05). According to the results, a specific methodology and transport system were developed to collect blood samples at schools in 10 European cities and to send them to the centralized laboratory (IEL, Bonn, Germany). To guarantee good clinical practice, the field workers were instructed in a training workshop and a manual of operation was developed. Conclusion: The handling and transport system for fresh blood samples developed for the European multicenter study HELENA is adequate for the final part of the HELENA-CSS and will provide, for the first time, reference values for several biological markers in European adolescents.
Introduction
An objective assessment of individual nutritional status should not only be based on body composition and nutrient intake data, but should also consider information concerning specific energy and nutrient depletion as well as nutrition-dependent metabolic functions. 1, 2 One of the main objectives of the Healthy Lifestyle in Europe by Nutrition in Adolescence (HELENA) Study is to establish the prevalence of overweight and obesity in a selected sample of European adolescents. Although it is hard to conceive of a nutritional deficiency occurring in participants with excessive dietary and caloric intake, obese children may be at risk of micronutrient deficiency. In overweight and obese children and adolescents from Israel 3 and the United
States, 4 greater prevalence of low iron blood levels was found than in the normal-weight group. 3 The HELENA data will determine whether it is necessary to routinely screen young people in Europe for iron deficiency, as has been proposed by several authors. 3, 4 Overweight children and adolescents also seem to be at higher risk for vitamin B 12 , a-tocopherol and bcarotene deficiency, 5, 6 and reduced total antioxidant status. 7 Inflammation processes, even at the subclinical level, together with other factors can influence micronutrient status. 8 Consequently, analyses of blood samples are part of the nutritional assessment within the European Multicenter Study HELENA. [9] [10] [11] In addition to routine hematology and biochemistry, various nutrients and several validated biomarkers such as hormones, cytokines, receptors, adhesion molecules, inflammatory proteins and immunoglobulins will be analyzed in blood, plasma, serum and white blood cells, respectively (Table 1) .
Fulfilling the high quality standards of the whole HELENA project and to ensure adequate sample handling, storage and subsequent analysis, logistics of sample transport and major parts of the analytics are centralized at the Analytical Laboratory from the University of Bonn (IEL, Bonn, Germany). Even when using optimal flight facilities between the 10 study centres and the IEL, the time span between sampling and sample processing can be up to 24 h. To analyze stability during this time period is thus a prerequisite for assessing reliable data. 12 The aim of this part of the study was to evaluate the stability of the nutrients and biomarkers chosen with respect to time and temperature of sample transport and storage within the pilot study of the HELENA project. The results are used to establish a manual of operation for the standardization of sample handling in all study centres.
Materials and methods
For the HELENA pilot study, 30 ml of blood samples were drawn after a 10-h overnight fast at school between 0830 and 0900 hours in 180 adolescents aged 13 ± 1 years in the 10 European cities participating in the HELENA Cross-Sectional Study (CSS) following a standardized blood collection protocol. Serum/plasma was centrifuged directly at the schools at 3500 rpm (for 15 min, at room temperature).
Samples for stability tests were tested within the pilot study in two study centres (Rome, Italy and Zaragoza, Spain) as explained below.
To ensure traceability and optimal transport conditions, a novel handling and transport system (SYS) for biological samples (fresh blood, plasma/serum and cell cultures) from study centres to IEL were established within HELENA considering international guidelines such as Good Clinical Practices, Good Laboratory Practices, regulations of International Conference of Harmonization, 13 One of the preserved samples was transported at 0-4 1C to CSIC (T 1 ) and the other one was transported at 0-4 1C from the school to IEL and then back to the CSIC lab (T 2 ). All samples were analyzed at CSIC by flow cytometry 7 days after blood extraction (Facscan, BD, Sunnyvale, CA) ( Figure 3 ). To test the stability of vitamins B 12 , C, A, E, folate and fatty acids (FA), blood was collected from six volunteers (29±3 years, five females), immediately centrifuged and aliquoted. (A) Half of the plasma samples used for vitamin C analysis was precipitated with a 6% (w/w) perchloric acid solution spiked with metaphosphoric acid. The precipitated and non-precipitated samples were then immediately stored cool (4-8 1C) or at room temperature; (B) all other plasma aliquots were stored at room temperature or under cooled conditions over 24 h. All samples were repeatedly analyzed over 24 h at the IEL lab ( Figure 4 ).
Folate and vitamin B 12 were measured by means of an immunoassay using the Immunolite 2000 analyzer (DPC Biermann GmbH, Bad Nauheim, Germany). Antioxidative nutrients (vitamins A, E and C) were analyzed by highperformance liquid chromatography (Sykam Gilching, Germany) using ultraviolet detection (UV-Vis 205, Merck, Darmstadt, Germany). Serum FA composition was determined by capillary gas chromatography (GC-2010, FID detection, Shimadzu GmbH, Duisburg, Germany) after extraction performed by thin-layer chromatography.
To guarantee the stability of routine biochemistry analyses in fresh serum samples, three samples with high, mean and low baseline values were tested over different time points during 24 h after blood extraction. Serum triglycerides, total cholesterol, high-density lipoproteins and low-density lipoproteins, creatinine, urea, glucose, g-glutamyl transferase, alanine aminotransferase and aspartate aminotransferase were measured on the Dimension RxL clinical chemistry system (Dade Behring, Schwalbach, Germany) with enzymatic methods using the manufacturer's reagents and instructions. Serum albumin, apolipoprotein A-I and apolipoprotein B concentrations were measured in an immunochemical reaction with a BN II analyzer (Dade Behring, Schwalbach, Germany) according to the manufacturer's instructions. The proteins contained in the serum sample form immune complexes with specific antibodies. These complexes scatter a beam of light passed through the sample. The intensity of the scattered light is proportional to the concentration of the relevant protein in the sample. The result is evaluated by comparison with a standard of known concentration. Serum lipoprotein (a) was measured by means of particle-enhanced immunonephelometry using the BN II analyzer (Dade Behring). Biomarker stability in the HELENA project M González-Gross et al
Viability of white blood cells
The influence of transport/storage time of blood samples on the cytokine production of isolated white blood cells (peripheral polymorphonuclear blood cells) in cell cultures was studied using 3 heparinized blood samples from 16 adolescents collected within the pilot study in Zaragoza. Blood was divided into three portions: (A) two tubes were transported at room temperature to CSIC and cell culture procedure was started at 6 h (T 0 ) and 15 h (T 1 ) after sampling; (B) one tube was conveyed under similar conditions to IEL (15 h,T 2 ) ( Figure 5 ). Lymphocyte isolation techniques as well as in vitro cultures were standardized to avoid differences in the analytical methods used between both cities. The lymphocyte coat was isolated by density gradient and incubated with the mitogen phytohemagglutinin (Invitrogen, Karlsruhe, Germany) for 48 h; subsequently, the cell culture media was frozen at À20 1C. All frozen samples (from IEL and CSIC) were analyzed at CSIC at the same time to minimize systematic differences. Tumor necrosis factor-a, g-interferon, interleukins-2, 4, 6 and 10 (IL-2, IL-4, IL-6 and IL-10) secretion were measured in the cell culture media by cytometric bead array and detected by flow cytometry (Facscan, BD, Sunnyvale, CA).
Statistical analyses
Statistical analyses were performed using the SPSS statistical software release 14 for Windows XP. Data were assessed for normality and homogeneity of variance, and are expressed as mean±standard deviation (s.d.). Student's t-test was used for comparison of means. Variance analysis of repeated measurements was used to compare the different time points to examine the changes over time. For measuring the agreement between IEL and INRAN samples, a confidence interval was built, for each indicator, on the mean of the differences between the two samples of the same participant. 16 Statistical significance was set at Po0.05.
Results

Stability tests in whole blood and plasma/serum
The results of the stability tests of biomarkers of iron status performed in 14 Italian participants from the HELENA pilot study are shown in Table 2 . No differences were observed between samples (A) and (B). All measured parameters were within the 95% confidence interval for the mean of difference of soluble transferrin receptor, ferritin, C-reactive protein and a 1 -acid glycoprotein calculated (À0.25 (95% À2.8 to 2.4); À0.82 (95% À8.5 to 7.5); 0.05 (95% À0.11 to 0.21) and 0.05 (95% À0.45 to 0.56), respectively ( Figure 6 ). According to the results, the shipment at room temperature within 24 h of the serum samples has not influenced the quality of the parameters. Stability tests for vitamin C (Table 3) and FA confirmed that they are very unstable at room temperature without any treatment. For vitamin C, heparin plasma had to be precipitated after centrifugation with metaphosphoric acid and transported under cooled conditions. After this treatment, vitamin C was stable over 24 h (coefficient of variation (CV) 4.4%, recovery rate 493%, P40.05). Vitamins A and E were stable over 24 h at room temperature (CV: vitamin E: 4.6%, vitamin A: 3.2%, P40.05) ( Table 3 ). Owing to practical reasons, for vitamin B 12 and folate, stability tests were performed directly only after centrifugation and after 24 h. No significant differences were observed during the 24 h of storage at room temperature. Table 4 shows the results of the stability tests carried out for each biochemical parameter measured at the central lab of the University Hospital in Bonn. No changes in fresh serum samples were observed over a time span of 24 h either at high or low baseline levels.
Viability of white blood cells
The stability tests for cytokine production capacity between T 0 and T 1 showed significant differences in IL-10 levels
Heparin blood samples Zaragoza Transport to CSIC (RT) Transport to IEL (RT)
Freezing cell culture medium after 6h
Freezing cell culture medium after 15h
Transport to CSIC on dry ice Biomarker stability in the HELENA project M González-Gross et al Table 2 Results from stability tests of the serum iron parameters in an Italian subpopulation (n ¼ 14)
(1) Levels in samples stored directly in Rome (A) (n ¼ 14)
(2) Levels in samples after transport Rome-Bonn-Rome (B) (n ¼ 14)
Mean difference CI 95% Biomarker stability in the HELENA project M González-Gross et al were also observed between T 0 and T 2 analyses for IL-10, IL-6, IL-2 and tumor necrosis factor-a (Table 5) , the most striking one being IL-6 (1199.7±1680.2 vs 39334.3 ± 18520.7 pg ml À1 ). The stability tests of immunophenotyping of lymphocyte subpopulations (CD3, CD19, CD4, CD8 and natural killer cells) did not show any differences regardless of the transports or the time when the blood was preserved with Cytochex (Table 6 ).
Discussion
The assessment of iron status was performed by measuring serum ferritin and soluble transferrin receptor. Low serum ferritin indicates low iron stores, whereas iron overload conditions are recognizable by elevated serum ferritin concentrations. However, serum ferritin is also an acutephase reactant protein that is elevated in response to infection. To avoid false-negative cases, C-reactive protein and a 1 -acid glycoprotein were also measured. 17 According to our results, the shipment at room temperature within 24 h has not influenced the quality of the iron parameters in fresh serum samples.
As white blood cells lose their antigenic site activity, immunophenotyping of lymphocyte subpopulations in fresh blood should be carried out within a few hours. However, a short time span is not feasible in a centralized multicenter study such as HELENA. There, the blood for this purpose will be preserved with the reagent Cytochex, which has confirmed the stability of the cells up to 7 days during the pilot study. No modifications in lymphocyte subpopulations were observed because of the transportation, which leads us to continue with this design for immunophenotyping in the HELENA-CSS.
Regarding cell cultures for cytokine production, in the literature it is recommended not to wait more than 8 h to start the procedure. 18 However, our results show statistically stable cytokine levels even after 15 h, except for IL10, when the whole procedure was performed in the same laboratory (CSIC) ( Table 5) . But when the cell culture was performed at IEL after 15 h of blood extraction and the frozen cell culture medium was sent to CSIC and then analyzed ( Figure 5 ), significant differences were observed. There are two possible reasons for these discrepancies: (1) the transport of in vivo cells by plane is not possible, because of stress-inducing processes in the cells, (2) the method of cell culture for cytokine production cannot be harmonized from one laboratory to another, maybe because of personal or technical differences. Nevertheless, samples with a transport duration of 16 h arrived around midnight and night work was not possible for this part of the study. In HELENA-CSS, this in vitro analysis of cytokine production by cultured white blood cells, included in the original study proposal, will be changed to the more feasible analysis of systemic cytokine concentrations in frozen serum samples. Within 24 h, fresh serum samples could be used for the analyses of all routine biochemistry parameters included in the HELENA-CSS without any stability problems. However, the vitamin C and FA stability tests showed that they are very Biomarker stability in the HELENA project M González-Gross et al unstable at room temperature without any treatment. Subsequently, the decision was taken to store the serum for FA determination at origin at À80 1C and to transport it at a later date on dry ice. For the stabilization of vitamins A, E and b-carotene, the serum samples were spiked with butylated hydroxytoluene, a synthetic antioxidant. Another aim of the pilot study was to test the SYS and traceability system, to analyze the influence of transport time, and to observe variations between the 10 different centres under 'real' conditions. The transport time varied between 6 and 16 h after blood drawing. The influencing factors were distance from the school to the airport, the availability of cargo flights and time schedule of the flights. However, to guarantee an equal time span for all cities, it was decided to perform the routine biochemistry for all samples at the same time (0800 hours). Hemograms had to be analyzed locally to guarantee a maximum of a 3 h time span. The parameters from routine biochemistry (lipid profile, glucose, albumin and so on) showed no significant difference between the centers (data not shown). The SYS and the manual of operation were improved after the pilot study and a Power Point version for a better illustration was developed. The time span until arrival at IEL has been reduced to a maximum of 16 h implying night work for blood management at the end phase of the HELENA project. Serum samples for iron status were sent on dry ice from IEL to INRAN and all serum samples to CSIC and Pasteur Institute arrived safely and in the right volumes. Beside the manual of operation and the field worker training to guarantee a strict standardization of the handling in all centres, it was decided to send a controller for an audit of operation to the first blood sampling of the HELENA-CSS in each city.
Conclusion
Our results indicate that the protocol of the studies has been carried out successfully and also that our volunteers were enthusiastic to participate. The quality control for all parameters was in the range of the recommended levels reported in the literature (for some parameters, they are only available for adults). 19 Finally, the SYS was adequate for the biological samples, as transport had no influence on all the parameters measured. The methodology is adequate for the final part of the HELENA-CSS, which will be performed in 1000 adolescents (100 per city). To the best of our knowledge, for the first time, we aim at giving plasma vitamin reference values, a report on iron anemia deficiency risk, a report on risk for further non-communicable diseases (dyslipidemia and insulin resistance), a report on biological markers for subclinical malnutrition related to eating disorders (obesity/anorexia nervosa), in European adolescents. Furthermore, we will be able to correlate these data with the rest of the data obtained in the HELENA-CSS. The handling, transport and traceability of fresh blood samples within Europe are possible, but require an extremely demanding level of performance with regard to personnel and logistics as well as great economic effort.
